Objective: The aim of this study was to evaluate the accuracy of a motion palpation procedure, the flexion-extension test, in localizing the spinous process of the seventh cervical vertebra (C7). Methods: We analyzed 101 adult participants with metal markers that permitted the identification of the C7 spinous process. This analysis occurred during a flexion-extension test and was confirmed by radiography. Data sample characteristics were analyzed by descriptive statistics, and the relationship between independent variables (weight, height, sex, age, and body mass index [BMI]) and dependent variables (coincidence between the most prominent vertebra and the stationary vertebra, as determined by the flexion-extension test) was determined via logistic regression. Results: The sample population was 48.5% male with a mean age of 56.8 years (standard deviation, ±14.9) and a mean BMI of 25.54 kg/m 2 (standard deviation, ±5.5). In 54.5% of cases, the C7 spinous process was correctly identified by the flexion-extension test. The agreement between the flexion-extension test and radiography in accuracy of localization of the C7 spinous process was significant (P = .021), as was the correct localization of C7 (P = .05). Conclusion: The localization of the C7 spinous process was more accurate in individuals with a BMI b25 kg/m 2 and whose most prominent vertebra coincided with the stationary vertebra as determined by the flexion-extension test. (J Chiropr Med 2018;17:22-29) 
INTRODUCTION
Motion palpation is used to determine the position of structures and localize vertebral levels. It is an important tool for the evaluation and treatment of musculoskeletal disorders and for diagnostic and therapeutic procedures in other areas, such as orthopedic surgery and anesthesia. 1 Specifically, in the musculoskeletal area, knowledge of palpatory procedures can be considered an essential requirement for physical examination of vertebral structures. 2 According to Najm et al, 3 the beneficial results of vertebral manipulative procedures are based on skillful and appropriate treatments, which, in turn, are based on accurate diagnoses that are dependent on accurate palpatory procedures. Within the framework of medicine, physiotherapy, nursing, and osteopathy, palpation training is fostered in the early period; to unify this information, a systematic teaching of palpatory anatomy should be established.
Methods to correctly identify vertebral levels by palpation have been described for the lumbar, thoracic, and cervical regions; however, none are satisfactorily reliable. 4 In a systematic review, Cooperstein et al 5 pointed out that anatomically incorrect landmark benchmarks would hinder the accurate identification of spinal sites of clinical interest, beyond what is to be expected as a result of examiner error and variation among patients, which lends some value to a systematic review of the literature addressing other commonly used spinal landmark rules.
Compared with reliability studies, the accuracy of palpation has not received the same emphasis in the literature. This may be due to the difficulty of finding a gold standard to objectively measure the vertebral level being palpated and consequently the accuracy of this procedure. 6 Despite the importance of motion palpation, information on the validity and reliability of palpatory methods is scarce in the literature. 7, 8 In their systematic review, Stochkendahl et al 9 found numerous criticisms of the methods for palpatory studies, mainly because of uncontrolled factors such as the inclusion of asymptomatic participants only, inexperienced observers, parallel testing, less conclusive definitions of positive findings and rating scales, and weak descriptions of the results; all of these factors drive the need to improve the quality of studies. In addition, the possible relationships between anthropometric variables, such as weight, height, body mass index (BMI), age, and sex, and the accuracy of localization of the C7 spinous process have not been well explored in the literature. Studies that have tried to analyze the relationship between BMI and sex have reported inconclusive results, only highlighting these factors as potential study limitations. 4, 10 In their last systematic review, Póvoa et al 11 identified few studies that evaluated the validity of manual palpatory procedures for examining bony landmarks of the cervical spine. They reported fair to good methodologic quality with poor external validity as a result of the sampling heterogeneity.
Based on these studies and the lack of rigorous methodologic research in palpation, there is a need to systematize palpation of the cervical spine. Investigation of the accuracy of the procedure and how anthropometric features (weight, height, BMI, and age) may affect outcomes is needed. Therefore, the objectives of this study were to (1) assess the accuracy of the motion palpation procedure (flexion-extension test) in locating the C7 spinous process; (2) determine the agreement between the localization of the most prominent vertebra and the localization of the stationary vertebra (C7) using the flexion-extension test; and (3) verify the possible agreement of the accuracy of the C7 spinous process localization with the independent variables of weight, height, sex, age and BMI and the dependent variables of agreement between the most prominent vertebra and the stationary vertebra, as determined by the flexion-extension test.
METHODS
This study used a convenience sample, with a total population selected consecutively. The structure of the study is shown in Figure 1 .
Sample
The study analyzed 101 adult participants, outpatients and inpatients, who had received referral for chest-area imaging at the radiology sector of the Pedro Ernesto University Hospital (HUPE) at the University of the State of Rio de Janeiro. Participants included individuals of both sexes, aged N18 years, who had a previous medical prescription for chest radiography.
Exclusion criteria for participants were previous surgery on the cervical spine; osteomyoarticular congenital malformation of the cervical region; intubation or use of devices or equipment that prevented palpation access; any adverse reaction to the tape used to set the marker reported by the participant; and failure of the radiography image to capture the marker (ring) used to circumscribe the desired spinous process. This work was approved by the Research Ethics Committee of HUPE/University of the State of Rio de Janeiro under number 501 745.
Procedures
Data on height, weight, age, and sex were recorded through participant self-reporting in an evaluation form. Participants went to the radiography examination room and were instructed to sit up straight without supporting their backs on their chairs and to keep their heads in a neutral position (looking forward, toward the horizon). At this time, the assessment was initiated and was always performed by the same evaluator.
1. The evaluator was at the left side of the patient to start the procedure of palpating the C7 spinous process. This approach identified the most prominent vertebra localization in the cervicothoracic region during passive flexion of the cervical spine. The examiner positioned the pulp of the middle finger of the dominant hand (right) on the desired vertebra and passively returned the volunteer's head to the neutral position. 4, 12 2. With this previous localization of the most prominent vertebra localized in step 1, flexion-extension testing was performed to confirm the localization of C7. The evaluator kept his middle finger on the most prominent vertebra and placed his index finger on the spinous process of the overlying vertebra. With his other hand, the evaluator conducted an activeassisted extension of the cervical spine (the evaluator pushed the patient's head in a backward direction to provoke extension of the cervical spine). The purpose of this test was to identify the first vertebra that stays still while the aforementioned vertebra moves during the test. The rationale for this assumption is that the free C6 spinous process of the cervical spine is the last (lower cervical spinous process) vertebra to move during the test; therefore, the underlying vertebra, which is the first stationary vertebra, should be C7.
flexion-extension test. This second stage was used to confirm the localization of the first stationary vertebra of the cervicothoracic group. This test assumes that the most prominent vertebra is the C7. To localize this structure, we performed a passive flexion of the cervical spine as described in the first step. With this localization (controlled by the index finger, supposedly C6, and middle finger, supposedly C7), the therapist performs the test, which consists of the active-assisted extension of the cervical spine. During extension, all of the cervical vertebrae will move forward, except C7. Therefore, if the previous localization is correct, the index finger will move forward (because it is C6) and the middle finger will not move (because it is C7, the stationary vertebra). This last step confirms this point by changing the position of the fingers so that the index finger will be positioned over C5 and the middle finger will be positioned over C6. Then the movement (active-assisted extension) will be performed again to check the previous information. It is expected now that the 2 fingers will move away. The vertebra that showed no motion in the flexion-extension test was considered to be C7, according to the description of Shin et al. 4 At this point, the evaluator determined whether the most prominent vertebra was coincident with the stationary vertebra determined by the test.
After locating what was believed to be the spinous process of C7, the evaluator marked each volunteer's skin at that localization with a water-soluble pen and affixed a light metal ring (2 cm in diameter, which corresponds approximately to the diameter of the middle finger of an adult) with hypoallergenic and transparent tape (Fig 2) .
We recorded information about the correspondence between the most prominent vertebra and the result of the flexion-extension test. In other words, we started with the most prominent vertebra (with passive flexion), but the ring was affixed on the place that the test (extension part) showed: the first vertebra without movement during the extension. Sometimes both localizations were the same (most prominent vertebra and the first vertebra that did not move during the extension). If this event occurred, the researcher registered that finding.
The test and placement of the marker on the C7 spinous process lasted approximately 15 minutes in total, from the reading and signing of the consent form to the final marking of the desired anatomic reference. After labeling, the patient was positioned facing radiography imaging equipment, with guidance given by the radiographer. Because the place of interest was the cervical spine, patients with referrals for imaging of the chest region were chosen because of the inclusion of the middle and lower cervical spine and ease of positioning (standing position), which would decrease any possible errors in localization as a result of patients' position changes.
The whole examination protocol was performed in accordance with the routine of the HUPE's radiology service. At the time of radiography, all participants performed a maximal inspiratory apnea of approximately 3 seconds and stopped on the radiologist's command. It should be emphasized that the palpation procedure was performed and the anthropometric data records were maintained by the evaluator, who has 22 years of clinical experience in manual therapy. Total percentage of palpation accuracy was expressed on a scale: 0% to 20% correct palpation = worst; 21% to 40% = poor; 41% to 60% = regular; 61% to 80% = good; and 81% to 100% = very good.
Instrumentation
The radiographic images were obtained from the HUPE radiology department using a Siemens MULTIX B (model and serial number 8440026 X1122: 4204 S20L) (Siemens, Munich, Germany). After the tests, radiographs were analyzed by a radiologist with more than 30 years of professional experience who was blinded to the data during collected the interview and to the palpation procedure performed. This analysis was used to determine the accuracy of the localization marker (ring) relative to the vertebral level. In the event of C7 localization error, the radiologist determined the vertebral level at which the loop was placed (Fig 3) .
Data Analysis
A blinded evaluator compiled the results and conducted the statistical analysis of the data. The entire structure being contained within the marker (ring) was considered agreement. In this study, the independent variables of interest were sex, age, height, weight, and BMI, and the dependent variables of interest were agreement between the palpatory localization of the C7 spinous process (prominent vertebra) and the localization of the spinous process of the stationary vertebra (presumably C7) through the flexion-extension test of the cervical area.
Independent variables were analyzed using descriptive statistics with central tendency values (mean and median) and dispersion (standard deviation). To allow analysis through binary logistic regression, age, weight, height, and BMI were classified by the median and divided into 2 groups greater than and less than this value. Thus, the categories were age category-1 group of ≤59 years and another of ≥60 years; height-1 group of up to ≤165 cm and the other ≥166 cm; participants were grouped by BMI as underweight and normal (≤24.99 kg/m 2 ) or as overweight and obese (≥25 kg/ m 2 ). For the independent variable, the measurement bias of palpation (accuracy error) was divided into 2 groups: 1 over C6 (with inclusion of C6) and the other below T1 (with inclusion of T1).
RESULTS
Of the 127 individuals invited for the study, 26 were excluded because of changes in the positioning of the film that directly contributed to viewing limitations of the radiologic image and exclusion the region of interest, thus preventing an analysis of the cervical region.
The data characterizing the sample were analyzed using descriptive statistics with central tendency values (mean and median) and dispersion (standard deviation). According to the Kolmogorov-Smirnov test, the study population of 101 participants had a normal distribution, comprising 48.5% men (n = 49) and 51.5% women (n = 52), with an average age of 56.8 years (standard deviation [SD] ±14.9). Regarding the anthropometric data, the average weight was 69.9 kg (SD ±15.3), and the average height was 165 cm (SD ±0.1). The body mass index was 25.59 kg/m 2 (SD ± 5.5), and the determination of overweight participants can be found in Table 1 .
For the analysis of independent variables, binary logistic regression was performed to verify the correlation between localization of the C7 spinous process and the independent variables of weight, height, sex, BMI, and age; systematic error; and whether palpation was in agreement with the flexion-extension test and with the most prominent cervical vertebra, thus determining whether the most prominent vertebra is a good reference for C7 (tested by the flexion-extension test). The level of significance of the test was 95% (P ≤ .05).
Regarding the frequency of accuracy, our data indicated a palpation accuracy of 54.5% success rate (n = 55) and an error of 45.5% (n = 46). The most prominent vertebra matched the location of the C7 spinous process (as determined by the flexion-extension test) in 35.6% (n = 36), and 65.4% (n = 65) did not coincide, as indicated by palpation with the flexion-extension test. Concerning the bias, the results are reported in Table 2 .
Regarding the analysis of sex, age, weight, height, and BMI with the most prominent vertebra and flexionextension test, our results indicated that increased BMI influenced the accuracy as well as the coincidence of the localization of the most prominent vertebra with the stationary vertebra (presumably C7) by the flexionextension test. Concerning the independent variables of age, sex, and height, there was no influence, as shown in Table 3 .
DISCUSSION
According to our results, the accuracy of the flexionextension test for the localization of the spinous process of C7 confirmed by radiography was 54.5%. Our findings are consistent with the work of Robinson et al. 13 In Robinson's work, the evaluators were more precise than accurate (there was agreement on the localization, but it was not in an accurate location) because the C7 localization was agreed upon in 12 of 18 participants evaluated, but the spinous process of C7 was correctly identified in only 8 patients. Also with regard to accuracy, Billis et al 2 achieved good repeatability among physical therapists in the spinal localization-that is, they were able to return to the same vertebral level during treatment sessions or during reevaluation of a level during the same session. However, the results indicated low reproducibility over all vertebral levels-in other words, they did not properly locate the desired level.
Gadotti and Magee 14 studied 39 women and evaluated the capacity of a physical therapist to place markers on the surface of the skin along the spinal processes of C2, C4, C6, and C7, confirming the results by radiography. The total percentage of agreement of all assessed levels was 87.8%. However, the authors admitted that the high success rate in locating the cervical spinous processes may have been due to the use of 2 of the cervical spinous process identification methods, including counting from the occipital bone and the flexion-extension test. In the work of Shin et al, 4 the goal was to compare the accuracy of 2 different methods of palpation used to identify the spinous process of C7 (most prominent vertebra and flexion-extension mobility test). The sample consisted of 48 participants in each group; C7 was correctly located in 37.5% of the control group (most prominent vertebra) and 77.1% of the group undergoing the flexion-extension test. Our results indicated a confirmation concordance of 54.5% between the supposed location of the C7 determined by the flexion-extension test and the confirmation on a radiograph image. We attributed the high accuracy of Shin et al 4 to use of a single evaluator and to being nonblind to the results of fluoroscopy. In a similar investigation, Cooperstein et al 15 analyzed the validity of C1 transverse process palpation compared with an imaging reference standard, and the stringent accuracy was 57.1%.
In this study, the biases of measurement were located at specific anatomic points: 13% above C5, 17.4% on C5, 60.9% on C6, 4.3% on T1, and 4.3% on T2. In the work that is most approximate to the bias frequency in our study, Shin et al 4 identified the spinous process of C6 as the most prominent vertebra of the cervical spine in 47.9% of cases. However, this error took into account only the palpation of the most prominent vertebra from a static point of view, whereas in the present study we used the mobility test.
Our study population consisted of participants with an average age of 56.8 years (SD ±14.9), ranging from a minimum of 23 to a maximum of 83 years. Other studies, such as that by Gadotti and Magee, 13 had a younger population (mean 33 ± 3.8 years) and asymptomatic women. Our population was consecutive and included both symptomatic and asymptomatic individuals. This may explain the higher rate of hits in the study by Gadotti and Magee, 13 who obtained an accuracy margin of 87.8% compared with our findings of only 54.5%. However, we believe our results to be correct and similar to those of their study because the mobility of the cervical segment is inversely proportional to age; that is, younger volunteers have more movement. [16] [17] [18] According to Shin et al, 4 the biomechanics of the cervical thoracic junction justify the use of the flexion-extension test for the correct localization of the C7 vertebra, which is considered a transitional vertebra of the mobile cervical spine to the rigid thoracic spine. During the extension, the lower anterior cervical disc space increases while the posterior space shortens; subsequently, the spinous processes move away together. The separation and the approach of the spinous processes during flexion and extension of the cervical spine occur only in the cervical spine and are not observed in the cervicothoracic junction. The approach of the spinous processes during extension leads to difficulties in palpation of C6, facilitating palpation of C7 and T1.
In the study by Simpson et al, 16 the objective was to assess the segmental motion of the cervical spine (full range of motion) with radiography in flexion and extension and to determine the relationship with clinical variables. They analyzed 195 radiographs (133 women and 62 men) of symptomatic individuals aged 15 to 93 years. Age and sex were significantly negatively associated with the full range of motion of C2-C3, C3-C4, C4-C5, and C5-C6. The regression coefficient was 0.11, meaning that 0.11°of movement on each segment is lost per year of age. Considering the 5 levels of the cervical spine, there was an associated cervical spine movement decrease of 5°for each decade.
The objective of Yukawa et al 18 was to establish standardized values for the full range of motion and changes related to aging in both women and men in each decade of life between the third and the eighth decades. They reported that, of 1230 asymptomatic volunteers who underwent imaging of the cervical spine (anteroposterior, lateral, flexion, and extension), the full range of motion decreased from the third through eighth decade of life (age range 67.7 ± 17 to 45 ± 12.5 years). Extension decreased more than flexion, particularly in women, and the lordotic alignment progressed with advancing age and was more pronounced in women than in men. Despite the suggested relationship between age and mobility of the cervical spine, it was not possible to verify in our study a statistically significant difference between corrected location of C7 and age using our data (P = .501).
Regarding weight, height, and BMI, the results suggested an influence of BMI on the accuracy of locating the C7 spinous process. Body mass index had a negative association with the accuracy of localization of the spinous process of C7; that is, the greater the BMI, the less accurate the localization (P = .05). The average BMI of the study population was 25.59 kg/m 2 (SD ±5.5), with 50 individuals (49.5%) in the underweight and normal weight category and 51 individuals (50.5%) in the overweight and obese category. This finding may have great relevance because most studies did not identify a significant correlation between BMI and accuracy. This may have occurred because of the low number of overweight or obese volunteers included in the studies. Shin et al 4 sampled individuals with a minimum weight of 38 kg and a maximum of 90 kg with BMI ranging from 15.8 to 31.2 kg/m 2 ; 67 individuals were in the BMI category b25 kg/m 2 (normal/underweight), 26 were in the overweight category, and only 3 were identified as obese. In this study, there was no difference in accuracy between those with normal BMI and those with an overweight BMI, although it is important to note that only 27% of patients were in the overweight category and 3% in the obese category.
Robinson et al 13 stated in their study that there was no significant difference in marking of the skin by manual therapists among distinct categories of BMI. However, this study also had a small number of obese volunteers (18%). Teoh et al, 19 who compared the accuracy of 2 points of anatomic reference-the inferior angle of the scapula (10%) and more prominent vertebra (29%)-for identifying the spinous process of T7 reported an association between BMI and accuracy of localization starting from C7 for individuals with a BMI b25 kg/m 2 . For patients with a BMI ≥25 kg/m 2 , both groups had low accuracy. In our study, there was an interest in investigating the correlation between the localization of the most prominent vertebra and the localization point determined by the flexion-extension test and the accuracy of localization of the spinous process of C7. As a result, a concordance was identified in 36 participants (35.6%), and no agreement was reached in 65 participants (64.4%). This combination has yet to be tested in other studies. This result suggests that in this studied population, the most prominent vertebra is unreliable as a guide to the localization of the C7 spinous process. However, when the most prominent vertebra coincided with the location of the most prominent vertebra guided by the flexion-extension test, it allowed for greater accuracy.
Limitations
One limitation of our study was that the assessments were made by a single observer, and this limitation may have caused inaccuracy in locating the spinous process of C7. In addition, it should be noted that the anthropometric data were provided by the patients themselves. We follow research that indicated the possibility of using self-reported weight and height information in similar populations (Brazilian, living in São Paulo) because this study presented values with high concordance and validity. 20 Another limitation was the use of the chest radiography to analyze the cervical spine region. Even though chest radiography could easily include the middle and lower cervical spine segments, there is a chance of not visualizing very well the cervical segments in special situations such as in participants with congenital abnormalities (eg, cervical rib and eighth cervical vertebra).
CONCLUSION
After analysis, flexion-extension test accuracy (confirmed by the radiography images) was identified in 54.5% of participants (n = 55). Regarding the association between the most prominent vertebra (static position) and C7 determined by the flexion-extension test (motion test), 65.4% (n = 65) did not coincide, and 35.6% (n = 36) were in agreement. To be more accurate, the localization of the most prominent vertebra should be at the same level as the localization of the stationary vertebra (C7) as determined by the flexion-extension test. We can suggest that the localization of the C7 spinous process is more accurate in individuals with a BMI ≤25. Age, height, and sex did not influence motion palpation and C7 spinous process identification. However, there is need for further research on palpatory procedures and aspects of the physical examination, in particular, the influence of mobility in cervical palpation segment and the localization of the most prominent vertebra process. In this way, we will have more tools to help systematize the palpation procedure.
FUNDING SOURCES AND CONFLICTS OF INTEREST
No funding sources or conflicts of interest were reported for this study.
CONTRIBUTORSHIP INFORMATION
Concept development (provided idea for the research): L.C.P., A.P.A.F., J.F.C.Z., J.G.S. Design (planned the methods to generate the results): L.C.P., A.P.A.F., J.F.C.Z., J.G.S. Supervision (provided oversight, responsible for organization and implementation, writing of the manuscript): L.C.P., A.P.A.F., J.F.C.Z., J.G.S. Data collection/processing (responsible for experiments, patient management, organization, or reporting data): L.C.P., A.P.A.F., J.F.C.Z., J.G.S. Analysis/interpretation (responsible for statistical analysis, evaluation, and presentation of the results): L.C.P., A.P.A.F., J.F.C.Z., J.G.S.
Literature search (performed the literature search): L.C.P., A.P.A.F., J.F.C.Z., J.G.S. Writing (responsible for writing a substantive part of the manuscript): L.C.P., A.P.A.F., J.F.C.Z., J.G.S. Critical review (revised manuscript for intellectual content, this does not relate to spelling and grammar checking): L.C.P., A.P.A.F., J.F.C.Z., J.G.S.
